SUMMARY In Japan we have had two outbreaks of hand, foot, and mouth disease associated with disorders of the central nervous system, one in 1973 and the other in 1978. The isolated virus in both outbreaks was enterovirus 71. Central nervous system disorders were present in 24% of patients in 1973 and in 8% of patients in 1978. These disorders were localised encephalitis with cerebellar signs as the main feature, aseptic meningitis, and polio-like paresis. The enterovirus 71 isolated in Japan had strong dermatotropic as well as neurotropic tendencies. However in cross-neutralisation tests, no difference in antigenicity from the prototype, BrCr strain, was recognised.
In Japan we have had four outbreaks of hand, foot, and mouth disease (HFMD)-in 1970, 1973, 1975, and 1978 . Hitherto, this disease caused by coxsackievirus A16 had been considered to be benign. '-2 However, in the 1973 and 1978 outbreaks, many patients had central nervous system (CNS) disorders in addition to skin manifestations.3-6 Some of these patients died and others had serious sequelae. In such cases, enterovirus 71 was isolated as the pathogenic agent. This suggested that, despite identical skin manifestations, HFMD could be caused by two different pathogenic agents, coxsackievirus A16 and enterovirus 71, associated with different syndromes. Reports from the USA and Australia have shown that enterovirus 71 is strong in neurotropism but very weak in dermatotropism.7-9
However, enterovirus 71 isolated in Japan seemed to have a dermatotropic character as well as a neurotropic one.
Materials and methods
The subjects studied were children visiting Ishimaru Paediatric Clinic, Matsuyama, Japan as outpatients. Their ages ranged from 0 to 16 years. The sera of their mothers were tested, too.
Examinations for the viruses were carried out in throat swabs, stools, vesicle fluid, and cerebrospinal fluid collected from each patient with HFMD at his first visit to the clinic. Serum was collected at the patient's first visit for the acute phase, and at another visit made at least 15 days later for the convalescent phase. The isolation of virus was performed using primary rhesus monkey kidney cells in 1973, and the established cell lines of African green monkey kidney in 1978. Isolated viruses were identified by the neutralisation test first, with 20 units of Schmidt pool serum. If the virus could not be identified by this procedure it was then tested with 100 units of antiserum against enterovirus 71 prototype strain (BrCr).
The titration of neutralising antibody against enterovirus 71 and coxsackievirus A16 in the paired sera of the patients, in the sera of the subjects, and in the cross-neutralisation test of the viruses was performed by the 80% plaque reduction technique with carboxymethylcellulose overlay medium using green monkey kidney cells. In a very few cases in 1973 antibody titres to enterovirus 71 of the patients were performed by complement-fixation test. The titres of neutralising antibody to coxsackievirus A9 and coxsackievirus B5 were determined by microplate technique using primary rhesus monkey kidney cells, and expressed as 50 % neutralising titres.
Results
Epidemiological background. The percentage of the population who had antibody to enterovirus 71 and coxsackievirus A16 is shown in Fig. 1 was in 2-year-old children; and the 0-2-year-old age group constituted 64% of all patients. In 1978 the highest incidence was in 3-year-old children, followed by 2-year-old and then by 4-year-old children. The youngest infant affected was 42 days old and his mother was affected too. There were 189 boys and 148 girls in the 1973 outbreak, making the male to female ratio 13:1. In 1978 there were 343 boys and 349 girls, making the male to female ratio approxmately unity.
Clinical symptoms in HFMD cases with CNS disorder. The skin eruption in these outbreaks was similar to that in outbreaks reported by others, both in its appearance and distribution. It was manifested as papules and vesicles accompanied by flare on the hands and feet, and aphthae on tongue and oral mucosa. In infants of 2 years or less however, fine macular papules and diffuse erythema and rash were observed on the thighs, buttocks, upper limbs, and the trunks.
In addition to the skin manifestations characteristic of HFMD, some of the patients had the following symptoms: (1) fever for more than 3 days, (2) headache or vomiting or both, (3) irritability, somnolence, tremor, ataxia, and myoclonus, and (4) flaccid monoparesis in the lower extremity. In 81 of 86 patients who had these symptoms, cerebrospinal fluid showed pleocytosis suggesting CNS disorder. 81 ft--group.bmj.com on April 2, 2017 -Published by http://adc.bmj.com/ Downloaded from strains isolated were readily neutralised even by 800-to 3200-fold dilution of anti-BrCr serum, but were not neutralised by anti-G-10 serum (Table 5) . Similar results were obtained with strains isolated in 1978.
In 1973 there were epidemic outbreaks of aseptic meningitis and febrile illness caused by coxsackievirus B5, coxsackievirus A9, and echo 6 about the same time as the outbreak of HFMD in the Matsuyama area. Therefore, it is possible that the CNS disorder accompanying HFMD was caused by these other viruses. To exclude this possibility, we tested for changes in the titre of neutralising antibody to coxsackieviruses B6, A9, and A16 in the patients. The results are shown in Fig. 3 . Only the antibody to enterovirus 71 showed a significant rise in titre.
From these results, we concluded that the pathogenic agent of the CNS disorders that accompanied HFMD in the outbreaks in 1973 and 1978 was enterovirus 71.
Discussion
We have experienced four outbreaks of HFMD. The pathogenic agent of the outbreaks in 1973 and 1978 was enterovirus 71, whereas that in the others was coxsackievirus A16. The skin eruption caused by enterovirus 71 was identical with that caused by coxsackievirus A16. In older patients the pattern was fairly typical; in patients aged less than 1 year fine macular papules and erythema, as described by Kennett et al.,9 were often found on the thighs, buttocks, upper limbs, or trunk.
CNS complications were observed in 24 % of patients in 1973 and in 8% of patients in 1978. In 96% of these the CNS disorder appeared between days 2 and 4 after the onset of HFMD. The male to female ratio was I 3:1 in 1973, similar to that found with other strains of enterovirus. However in 1978 it was about unity.
The neurological manifestations were variable, comprising meningitis, localised encephalitis, and flaccid monoparesis. In the cases of localised encephalitis, there were no fits or disturbances of consciousness to suggest serious cerebral dysfunction. The only significant findings in the EEGs were dysrhythmia and sporadic synchronous highvoltage slow waves. These findings suggest that the illness should be regarded as slight cerebral dysfunction rather than as encephalitis. There were many cases with truncal ataxia which suggested cerebellar vermis dysfunction and many with intention tremor, inability to walk straight, and nystagmus which suggested cerebellar hemispheric dysfunction. 
